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ABSTRACT
The Continuous Load Path (CLP) experiments carried out at the Insurance Institute for Business
& Home Safety (IBHS) Research Center provide detailed measurements of the wind load transfer
through critical links in the load path of an archetype residential structure. The extensive database
provides load path measurements from non-destructive testing of the archetype house, as well as
select measurements from destructive testing of a demonstration house with the same
specifications. Of current interest, the non-destructive tests provide time histories of wall, roof,
and internal pressures and loads at the roof-to-wall connection and building anchorage under
constant and fluctuating wind load cases. Several phases of testing were carried out to observe the
load path behaviour before and after installation of interior sheathing, as well as the difference in
loads measured by load cells supporting the roof trusses versus instrumented hurricane straps at
the roof-to-wall connection. Different anchor bolt spaces, representing the International
Residential Code and FORTIFIED Homes recommendations, were also tested.
The current research validates the aerodynamic measurements of the CLP project by comparing it
to wind tunnel data for model houses of similar roof shape and checking the equilibrium of the
roof pressures with the load cell measurements, and investigates the distribution of roof pressures
into the roof-to-wall connections. The current test case is taken from the phase after the interior
drywall was installed - sealing the attic space from the living space - and before the load cells were
removed from the roof-to-wall connections. This is selected as the base case because it allows for
the roof load path to be studied including the influence of internal pressure, but without the
influence of hurricane strap stiffness. Figure 1 shows the exterior of the house and the interior
wall-to-ceiling seal in this phase. The gaps between the roof structure and walls are sealed using
plastic sheeting taped to the interior and exterior roof and wall surfaces to prevent leakage of
internal pressures.
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Figure 1. Test house in IBHS wind tunnel and interior view of wall-to-ceiling seal and internal pressure sensors.

Preliminary assessment of the roof uplift load balance between the net pressures and the load cells
at the roof supports indicates that the loads nearly balance, with higher uplift measured by the load
cells than is captured by the net pressures using the external and internal pressure taps. These
differences may be attributed to experimental uncertainty. Figure 2 shows a comparison of the
mean, absolute maximum and minimum, and standard deviation of total roof uplift measured using
the load cells and the internal and external roof pressure taps.

Figure 2. Comparisons of total roof uplift calculated using time-histories of load at the roof-to-wall connection load
cells and internal and external roof pressure taps.
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Uplift on individual trusses is also computed to observe the distribution of roof pressure between
trusses. When the archetype house was subjected to loading normal to the gable end walls, it is
observed that a vast majority of the uplift pressures near the windward end of the roof (6 – 8
trusses) are distributed to the gable end truss. As shown in Figure 3, the load cells supporting the
trusses immediately inside of the gable end truss experience lower uplift than the aerodynamic
loads that are applied to their tributary areas. This deficit appears to be carried by the gable end
truss, as indicated by the end truss load cell measurements being 3-4 times larger than in
neighbouring trusses. This implies that load sharing among roof trusses may be significant,
especially in houses with relatively stiff gable end trusses.

Figure 3. Net uplift on roof trusses measured by roof-to-wall connection load cells, compared to aerodynamic uplift
loads calculated based on tributary area loading. 90° and 270° angles of attack shown, indicating loads concentrated
at windward gable end.

Other data gathered during the CLP testing that will be utilized in upcoming work include time
histories of force in anchor bolts at the foundation, horizontal displacement in walls acting as shear
walls, and axial loads in select truss members. These data from the non-destructive tests will be
applied to validate linear 3-dimensional finite element models of the same structures. This work
contributes to understanding the load path through residential structures under wind loads. When
paired with capacity estimations, these data and the subsequent finite element modelling can help
predict the weak links in the load path and the wind speeds at which failures are expected to initiate.
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